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ABSTRACT

Following an opportunity to demonstrate a preference for water
with or without the addition of the amino acid isoleucine, methionine,
phenylalanine or tryptophane at a concentration proportional to that in
whole-egg protein, 9 monkeys were subjected on 4 occasions to a 7-day
experimental week when they received an isocaloric diet containing only
1/4 the amount of protein of their normal diet.

An identical low

protein diet supplemented with one of the above amino acids, again at
a concentration proportional to that in egg, was presented for an
equivalent period during the experimental week and the amounts consumed
of each diet were compared.
Subjects failed to exhibit a preference or aversion for water
supplemented with any of the amino acids; however all low-protein diets
supplemented with an amino acid were consumed in greater quantities
than a low protein diet lacking a supplement.

On days 6 and 7 of the

experimental weeks, when protein depletion was most severe, an analysis
of variance test revealed that the subjects significantly (p <

.05)

preferred the diet supplement with isoleucine to a diet lacking the
supplement.

vi

INTRODUCTION

For omnivores as the rat, monkey, and man, Lliere is no single
source of food that contains a sufficient amount of nil constituents
necessary for optimal living.

One may ask then, can such animals when

subjected to a situation in which the main food components are offered
separately select a diet according to their nutritional needs?

There

is insufficient evidence to conclude that man will consistantly balance
his diet instinctively and there are repeated instances where he does
not.

Quantitative as well as qualitative nutritional deficiencies occur

where adequate food supplies exist.

But despite this situation, most

current investigators studying the self selection of dietary components
or specific hungers agree with Mursell (1925) who concluded after
examining the diets of various races with vast differences in habitats,
foods, and taste preferences, that ". . . w e are in the presence of a
very powerful auto-regulative mechanism, which, given certain external
conditions, strongly favors a certain proportion of intake from among
the basic nutrient substances."

The fact that there exists approxi

mately 1,400 genera of mammalian species (Walker, Warmick, Lange, Uible,
Hamlet, Davis, and Wright, 1964) that choose adequate foods from those
which will not meet their nutritional needs considerably restrict
antithetical views.
Specific hungers are adaptive behavioral changes that involve
detective and selective mechanisms which regulate an organism's
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dietary intake in relation to its nutritional needs.

Typically an

animal demonstrates a specific hunger by selecting a diet according to
its needs under two conditions:

1) as the consequence of a particular

food substance or dietary component being excluded from its environment
or, 2) because of inherent or acquired metabolic disorders.

It is

important to note however, that these two conditions should not be con
sidered mutually exclusive, as environmental or dietary deficiencies
apparently result in temporary metabolic imbalances and they, in turn,
lead to dietary adaptations to restore the balance.

A classical

example of the first condition is the preference for thiamine rich loads
by vitamin B deficient animals (Harris, Clay, Hargreaves, & Ward, 1933).
An often cited example of the second condition is the increase in salt
consumption of adrenalectomized animals (Richter, 1942-43).
habits obviously then have a physiological basis.

Food

Food deprivation

leads to hunger and if an animal is to survive when deficiencies occur,
it must correctly modify the consumption of its diet to achieve a
balanced metabolic state.
It appears the specific hunger for table salt is relatively
innate and independent of experience since animals as the rat, rabbit,
cow, sheep and elk recognize salt when deficient of sodium and go to it
selectively, even if they have not previously experienced the substance
or a salt deficit (Denton, 1967; Richter, 1942-43).

Conclusive evidence

of the relative roles of innate or learned recognition of other pre
ferred substances however, is lacking, and the mechanisms involved
remain obscure.

Additionally, inconsistencies and occasional negative
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findings by various investigators of specific hungers seem, in part,
to be dependent upon methodological variables.

Conditions such as the

source, number, combination, and concentration of the food constituents
offered, whether the food is offered in a liquid or solid form, the
number of subjects employed, the species, strain, age, sex, weight and
"experience" of the subjects, and the duration of the experiment all
have, to varying extents, an effect upon the results.
Other comprehensive experiments conducted in a fashion similar
to Harris' et al. (1933) investigation indicate that animals deprived
of vitamins demonstrate a specific hunger for some of those vitamins
but not for others.

In addition to thiamine (B^), specific hungers

have been observed for riboflavin (B2 ), and pyridoxine (Bfe) when rats
are restricted to a diet lacking vitamins of the B complex (Scott &
Quint, 1946; Scott & Verney, 1947).

However, when animals are deprived

of vitamin A or D no preference is noted for foods containing them
(Harriman, 1955; Wilder, 1937; Young & Winterbom,

1940).

Using Richter's technique of removing an endocrine gland to
induce a metabolic disorder, both Lewis (1964) and Richter (1939) noted
rats exhibit a strong preference for calcium and an aversion for phos
phorus after parathyroidectomy.

Similar preferences were not observed

in animals that maintained a normal calcium and phosphorus blood level
with intact parathyroids.
Although one should not freely interchange the words starch or
sugar (or glucose, sucrose, etc.) with carbohydrate, specific hungers
for various carbohydrates have been demonstrated.

Soulairac (1947) has
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shown that rats given a choice of standard balanced diets with varying
levels of additional glucose consume 70\ of their total caloric intake
in the form of carbohydrates.

It is obvious, though, that there exists

a critical upper limit, as rats fed a diet exclusively of glucose live
an average of only 57 days (Richter, Holt, & Barelare, 1938).

Animals

restricted to a normal balanced diet may be artifically induced into a
diabetic state by partial or complete pancreatectomy.

However, if

allowed to select their own diet, pancreatectomized rats reduce their
intake of sugar and restore lost calories by increasing their fat
intake and consequently do not exhibit diabetic symptoms (Richter &
Schmidt, 1941).
The protein content and the amino acid composition of a diet are
two other nutritional variables that influence food intake and for which
a specific hunger has been demonstrated.

Food intake is depressed when

the protein content of the diet is very low (Meyer, 1958; Meyer &
Hargus, 1959) or very high (Mackay, Bonds, & Carne, 1941).

Proteins

are an indlspensible food for all higher forms of life and of the 20
natural occurring amino acids, from which all proteins are derived,
approximately half are termed essential.

These indispensible amino

acids must be supplied through the diet to most higher organisms
because they are not internally synthesized at an adequate rate to meet
the requirements for sustained life or maximum growth.

The remaining

nonessential amino acids are synthesized in adequate amounts from essen
tial amino acids, carbohydrates, or fats and consequently are not a
necessary constituent of the diet (Frost, 1959).
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Proteins markedly vary in their ability to meet the metabolic
needs of organisms.

Food proteins of a high quality or of a high

"biologic value" typically have an amino acid composition similar to
the tissue proteins they will ultimately synthesize.

The proteins of

egg, milk, and most meats have such an amino acid composition and are
considered to be of high biologic value (Frost, 1959; Mitchell &
Block, 1946).

Although the nutritional value of a protein ultimately

should be evaluated with respect to a selected species and the personal
characteristics within the species (the age, sex, and the clinical and
nutritional history), an accurate approximation of its value can be
determined by its amino acid composition.

In an attempt to avoid many

of the above variables and to provide a means of predicting the maximum
efficiency of utilization of a protein, Mitchell and Block (1946)
chose whole-egg protein as a standard of reference against which to
compare other protains.

Whole-egg protein, a food of optimum nutri

tional value, is as nearly completely utilized by omnivores as any
protein and is not significantly enhanced in biological value by the
supplementation of any of the essential amino acids (Block & Mitchell,
1946; Cannon, 1948; Mitchell & Block, 1946).
Conventional sources of dietary protein typically do not have
the high biologic food values of egg, milk and meat, and unless such
proteins are supplemented with the addition of their most deficient, or
most limiting, amino acid, they are individually of very little nutri
tional value.

Willcock and Hopkins (1906) first demonstrated the sig

nificance of improving protein quality when they reported that a
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supplement of tryptophane prolonged the lives of mice fed a tryptophane
free diet of zein.

Now the practice of enriching an Inexpensive and

readily plentiful protein with its most limiting essential amino acid
has received wide acceptance.

Cereal grain products are enriched with

lysine, legume proteins have been supplemented with methionine, while
tryptophane and lysine are needed to enhance the quality of corn, and
rice and sorghum are improved by the addition of threonine and lysine
(Senti & Pence, 1971).
The essential amino acid pattern of a protein or a diet has
repeatedly proven to greatly affect its acceptability and the amount of
its consumption.

Harper and his co-investigators have devised four

categories to classify the patterns of amino acids to which animals
respond.

Amino Acid Imbalance
When the proportions of amino acids in the diet deviate greatly
from the proportional amino acid requirements of the organism, food
consumption is decreased and rats typically select a diet offering a
more balanced amino acid composition (Harper & Rogers, 1965; Leung,
Rogers, & Harper, 1968; Sanahuja & Harper, 1968; Peng & Harper, 1970).

Amino Acid Deficiency
The effect of feeding a diet completely devoid of an indispens
able amino acid likewise is a decrease in food intake (Frazier, Wissler
Stefler, Woolridge, & Cannon, 1947; Halstead & Gallagher, 1962; Leung
& Rogers, 1969; Leung & Rogers, 1970).

For example when rats were
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offered a choice between a solution containing a complete amino acid
mixture and one devoid of threonine, 42 of 54 subjects consumed signif
icantly more of the complete amino acid mixture (Halstead & Gallagher,
1962).

High Protein Diet
The alteration in food intake caused by a high protein diet has
been described previously and now only is mentioned as a type amino
acid diet noted by Harper (1964) to disrupt dietary habits.

Excess of One Amino Acid
Most of the indispensable amino acids when added in excess to
otherwise balanced diets, depress food intake and initiate a change in
diet preference (Harper, 1964; Harper & Rogers, 1965; Krauss & Mayer,
1965; Rogers, Tannous & Harper, 1967; Sauberlich, 1961).

For instance,

rats find a diet high in leucine so adversive, they prefer to consume
almost exclusively a nonnutritiona1 protein-free diet to a diet high in
leucine (Harper & Rogers, 1965).
The demonstration of specific hungers and dietary preferences
in these four categories of amino acid patterns prompted the hypothesis
that animals may possess sufficient discriminatory skills to distinguish
between diets with and without a limiting essential amino acid supple
ment.

This investigation was designed to confirm or disprove this

hypothesis.

On four occasions monkeys were subjected to a low protein

diet for one week and observations were made on the amounts consumed of
this diet and a simultaneously offered identical diet which was
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supplemented with an amino acid to make the composition similar tc that
of egg protein.

METHOD

Subjects
Five male and four female monkeys (Macaca mulatta) from 165 to
240 days old at the onset of the experiment were employed.

They were

born of mothers fed a semisynthetic isocaloric diet containing 3.4, 6.9,
or 13.87o protein from the 30th day of pregnancy (Riopelle, et al., in
press).

The infants were separated from their mothers 8 to 12 hours

after birth and transferred to individual cages.

They were initially

fed a 10% glucose solution which was changed on the second day of life
to SMA, a commercial infant milk preparation satisfying all the daily
requirements of the known nutrients (see appendix).

The infants were

maintained on this standard diet through an initial hand-feeding and
later self-feeding stage until they were introduced into the experiment
and given the experimental diets.

Apparatus and Dietary Solutions
The subjects were housed individually in 61x61x91 cm plywood
cages with a plexiglass front and side panel.

The animals remained in

their home cages and received all diets from visible 38x300 mm glass
cylinders which were inverted and secured to the transparent cage front
and fitted with Ancare metal drinking tubes.
The control diet (CD) was SMA in the recommended dilution.
experimental diets consisted of one nonsupplemented low-protein diet

9

The

10

(LP) and four supplemented luw-protein diets (SLP).

The 11’ diet was a

modified SMA diet containing only one-fourth the protein content of the
CD but kept isocaloric with the addition of glucose (cere lose).

To

furnish an adequate amount of carbohydrates and maintain the balance of
calories, fat, and fat soluble vitamins, each liter of diet contained
in addition to 31.5 gm of SMA and 906.5 ml of water, 65.25 gm of
glucose and 27 gm (31 ml) of SMA fat blend with fat soluble vitamins.
To make the fat blend remain distributed homogeneously in the experi
mental diets, it was mixed in a Waring Blender.

The contents, while

well mixed, were then inmediato1y homogenized at 2,500 psi in a MantonGaulin Homogenizer.

The homogenized emulsions were refrigerated and

maintained at 9° C. until placed in the glass cylinders for use or dis
carded after 48 hours.
Three of the SLP diets differed from the LP diet only in that
to the SLP diet was added L-isoleucine, L-methionine or L-phenylalanine
in a proportion to equal the amino acid ratio found in whole-egg
protein (see Table 1).

The fourth SLP diet contained the amino acid

L-tryptophane in a concentration exceeding that of egg and equal to the
average of the three other amino acid supplements.

The tryptophane

SLP diet thus served as an additional control to determine if the sub
jects would prefer a low-protein diet with any amino acid supplement or
only diets supplemented with those amino acids which specifically
restored the proportion of amino acids to those in whole egg.
The SLP solutions were prepared by weighing the proper amount
of crystalized amino acids (General Biochemi<a!s ; Chagrin Falls, Ohio),
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Am i n o Acid

G Amino Acid Per
1 0 0 k P r ot ei n
Egg1

Es se nt ia l
H i s ti di ne

Ab s o l u t e
Dlf f erenc e

Pe rce nta ge
Dev i at io n

SMA2

2 .7

2.7

0.0

0

7.8

6.4

1.4

-18

10.9

11.4

0.5

+ 5

Lysin e

8.6

9.9

1.3

+ 15

Methionine

4.2

2.4

1.8

-43

Phenylalanine

7.1

4.6

2.5

-35

Threonine

6.3

5.8

0.5

- 8

Tryptophane

1.8

2.0

0.2

+11

Va l in e

8.5

8.2

0.3

- 4

Nonessential
A l an in e

6.8

4.6

2.2

-32

Arginine

6.7

3.7

3.0

-45

A s p a r t i c Acid

7.7

10.6

2.9

+38

C y st ei ne

2.9

1.9

1.0

-34

12.6

22.5

9.9

+ 78

G l yc in e

3.6

2.2

1.4

-39

Pr o ll ne

4.7

9.2

4.5

+96

S er ine

8.3

5.4

2.9

-35

Tyrbslne

4.5

4.5

0.0

0

Is o leu cl ne
L eu ci ne

Glutamine

Tab le 1 . A m i n o Acid C o m p o s i t i o n of Egg and SMA
P r o t e i n and Pe r c e n t a g e D e v i a t i o n In The ir Values. The
L i m i t i n g A mi no Acids for SMA are those In the Least Amount
w i t h R e f e r e n c e to Egg Protein. Me t h i o n i n e , P h en yl al an in e,
and Is o le uc ln e have the Gr ea te st P e r c e n t a g e Deficit.
1. As deriv ed from Bolton, 1961; Wllck e, 1971.
2. A n a ly si s 1965 by A n a l y t i c s Corp. Report 011545.
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dissolving them in a hot (approx. 50° C.) LP solution, cooling them to
room temperature and diluting them to the proper concentration.
To assist the animals in identifying the various experimental
diets, the cylinders were fitted with removable plastic sleeves painted
solid red, green, blue, yellow, black, white, orange, or brown.

Procedure
The study consisted of two alternating periods, a control
period of three weeks duration and an experimental period lasting one
week (see Figure 1).

During the control period each animal was main

tained on the nutritionally adequate CD which was available aid lib 12
hours a day (8000-1200), from a single glass cylinder presented equally
often and randomly on the left and right to discourage a position habit.
The recurring control periods allowed a time for the subjects to
establish a nutritionally balanced internal state as care was taken to
avoid severe or prolonged protein or mineral depletion.
period also served as a time to record the subjects

The control

consumption of the

CD which was compared with the intake of the experimental diets and of
diets similar to SMA in other studies.
To determine if monkeys, when nutritionally stable, have a
preference or aversion for any of the four amino acids, intakes were
noted as each subject was briefly offered an amino acid near the con
clusion of each control period.

The amino acid which would supplement

the LP diet the succeeding experimental week was dissolved in water at
a concentration equivalent to that in egg and offered simultaneously
with water lacking the supplement for a four hour period.
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Months

W/////;Z77Z7Z
1- A ---- 4 --

Control

^Exporlmontal W««k/y
/ " r t r t a t

( ( ( <

<(t

LP LP

LP

1

2

3

4
Days

5

6

7

Fig. 1. Schematic representation of the counterbalanced
design during the experimental week (days 1-7) following three control
weeks for one of four months. Cylinders containing low protein (LP)
and supplemented (SLP) diet alternate from left to right and appear
equally frequently.
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To acquaint subjects with the experimental diets

they were to

receive the subsequent experimental week, either the LP or SLP diet was
presented on day 15 of the control period and the other experimental
diet was

presented on day 18 of the control period.

Offered for a 12

hour preliminary exposure period, each diet

was presented in two

different and distinctly colored cylinders.

Either red or green identi

fied the

cylinder with isoleucine, black or white identified the

cylinder

with phenylalanine, blue or yellow identified the cylinder with

methionine and brown or orange was used to identify the cylinder con
taining tryptophane.

To avoid the possibility of a color preference

favorably affecting the selection of the SLP diet during the experi
mental week, the color of the cylinder which was least preferred on day
15 and 18 of the control period identified the cylinder with the SLP
diet during the experimental week.
Following each control period a one week experimental period
began when only the LP and SLP diets were available.

On the first and

fourth day of each experimental week, half the subjects received only
the LP diet.

On the second and third day, the same subjects received

only the SLP diet.

The remaining subjects, on an alternate schedule,

received only the LP diet on days two and three and the SLP diet only
on the first and fourth days.

On days five, six and seven all subjects

were offered the LP and SLP diets simultaneously.

Thus, subjects could

choose and consume ad lib their preferred diet for three days following
the four days when the diets were preselected and presented in an ABBA
or BAAB sequence.

The forced choice design was employed to more greatly
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assure that the subjects were familiar with both diets and that they
would thus be inclined to consume their preferred choice when the two
experimental diets were available simultaneously.

Following each

experimental period, all animals returned to the three week control
period before another experimental period was initiated.
The order of administering the SLP diets followed a completely
randomized 4x4 Latin square design.

Such a design permitted all four

SLP diets to be presented each experimental week without the same order
of administration ever being repeated (see appendix).

RESULTS

Subjects failed to demonstrate a distinction between water
with and without an amino acid during the control phase, of the experi
ment when they were not experiencing a protein deprivation.

All F

values from an analysis of variance were less than one.
On days 15 and 18 of the control period, when subjects were
given a preliminary exposure to the experimental diets, color prefer
ences as well as position habits were noted.

Position habits

(preferring the diet on the left or right regardless of its content)
were more obvious but only slightly more frequent than the color
preferences (19 vs 17 occurrences).

Typically as an experimental week

progressed, a position habit became more pronounced as any initial
color preference waned.

Such behavior was not predictable however, as

no animal consistently preferred the same position on different experi
mental weeks.
When the animals were subjected for a week to the experimental
diets containing one-fourth the protein content of SMA, they did not
radically increase their overall consumption; instead, they continued
to eat the normal amount for ad lib volume intake (Kerr & Waisman,
1970) as seen in Figure 2.

Of the four SLP diets studied, the experi

mental diet supplemented with isoleuclne was most preferred.

The

subjects drank a mean of 303 ml/kg/day of the isoleucine-SLP diet,
which was the same as the mean intake of standard SNA during the
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MTAKf

(«!/*•)

Mf

!
a
DAYS

Fig. 2. Comparison of the mean intake of the experimental
diets (SLP & LP) with the mean intake of the control diet (303 ml/kg/
day, SD = 2).
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control weeks.

This value also falls within the average amounts con

sumed by rhesus monkeys of a similar age (Kerr & Waisman,

1970).

Tryptophane-SLP was the second most preferred diet (302 ml/kg/day),
with methionine-SLP the third most preferred diet (296 ml/kg/day), and
phenylalanine-SLP the least preferred (275 ml/kg/day).

The LP diet was

the least preferred (213 ml/kg/day) of all the diets offered the animals.
These values obviously are not significantly different as Figure 3
illustrates the considerable overlap in diet preference on an average
daily consumption basis.
Position preferences were sufficiently strong that a valid
representation of the subjects experimental diet preference is not
possible by merely comparing an aggregate consumption of each SLP and
LP diet.

The 7 day experimental week did not permit administering both

diets an equal number of times on the preferred and nonpreferred side,
consequently the subjects intake on days 6 and 7 of each experimental
week, where counterbalancing was operative, received particularly close
attention.

Both the SLP and LP diet were presented on both sides to

eliminate the effects of a position habit, and the subjects discrimina
tive ability was considered to be most acute while in the more advanced
stage of protein depletion (days 6 and 7).

The mean consumption for

each SLP and LP diet varied according to the side (or position) on which
it was offered.

The effects of position preference on dietary consump

tion during days 6 and 7 of the experimental week are illustrated in
Figures 4 through 7.

By totaling the amount of each diet consumed on

days 6 and 7 it was noted that on 23 of the occasions a position
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preference was exhibited as subjects consumed a greater amount of

both

diets from one side thaneither diet

the

offered from both sides.

On

remaining 13 of 36 combined presentations, subjects consumed more of
one diet from both sides than both diets from one side and thereby
demonstrated a diet preference.

As noted in tables 2 through 5, an

analysis of variance test revealed that on days 6 and 7 the experimental
diet supplemented with isoleucine was significantly preferred (p < .05)
over the LP diet lacking an amino acid supplement.

The mean intake of

the methionine and tryptophane SLP diets on days 6 and 7 of experimental
weeks was greater than that for their corresponding LP diets, but the
preferences were not significantly different.

The mean intake of the

phenylalanine SLP diet was slightly less than that of the accompanying
LP diet on days 6 and 7, but again the preferences were not significantly
different by an analysis
Of the

9 monkeys,

of variance test.
2 subjects were from mothers fed the 3.4%

protein diet, 2 subjects were from mothers fed the 6.9% protein diet and
5 subjects were from mothers fed the 13.8% protein diet.

An analysis

of variance test failed to disclose a significant difference between
these 3 groups as there was appreciable consistency in the amount of
their dietary intake.

DISCUSSION

It is clear that a preference or aversion for the four amino
acids did not exist when they were presented in water at concentrations
equivalent to that found in egg protein.

The failure of subjects to

readily demonstrate a preference is not easily explained.

Murray and

Murray (1960) anatomically confirmed the presence of gustatory cells
in the taste buds of rhesus monkeys after Gordon, Kitchell, Strom and
Zotterman (1959) reported in their electrophysiological investigation
that nonhuman as well as human primates respond to all four classes of
tastes.

Although the only proteins known to exert taste activity are

of plant origin (Cagin, 1973), certain D-amino acids are considered
sweet while their naturally occurring L-enantiomeres are typically
termed tasteless or bitter.

Stone (1967) noted in his study of adult

taste preferences that phenylalanine and isoleucine received a high
number of "extreme dislike" responses at high concentrations (.125 M)
and "neither like nor dislike" responses at lower concentrations
(.0156 M ) .

Additionally, Waisman and Kerr (1970) found phenylalanine

to be "untasty material" when given at 1, 2, or 3 gm per kilogram body
weight to rhesus monkeys.

With the exception of aspartic and glutamic

acid, most of the remaining naturally occurring amino acids are con
sidered bitter, and possess a considerably more intense taste (Stone,
1967).

Admittedly, the concentrations of the amino acid supplements in

water were small (2.2 to 7.1 x 10'Sl), and might be considered
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undetectable, but the subjects consumption of greater amounts of the
supplemented diets, vs the LP diet, highly suggest the animals were
capable and make a distinction between very sm.ili concentrations when
subjected to a diet deficient in protein.

Such small concentrations,

nonetheless, should not be considered an unreasonably minute amount to
be detected, as olfactory stimuli in a few parts per million elicit
responses and quinine sulfate, a gustatory stimulus, used to enhance
the flavor of foods and drink, is detectable at a concentration of
2.0 x 10’^M (Maurizi & Cimino, 1961).
The possibility that the subjects' taste threshold for amino
acids became more acute when they were restricted to the low protein
diets is not readily accepted in light of the findings of Pfaffman
(1957).

Using adrenalized (salt needy) rats, he noted that the electro-

physiological threshold in afferent nerve impulses remained unchanged
although the subjects consumed higher amounts of salt when permitted.
A later study by Nachman and Pfaffman (1963) confirmed these findings
and proposed the altered behavior may reflect a change in the central
neural processes rather than in peripheral afferent neural patterns.
The appearance of a lowered "preference" threshold in protein-deprived
subjects, then, should not be misinterpreted as a lowered "sensory"
threshold.
The recurrence of developing position habits suggest that only
on a few occasions may the subjects have associated an experimental
diet with a colored cylinder.

Although Humphrey (1971) noted a rather

consistent ranking of color preferences in adoli':;rtni rhesus monlu-ys,
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he suggests that the underlying influential factor in primate color
selection may be the relative brightness of the stimuli.

There Is no

indication that the protein deprived subjects learned to identify a
diet by its color or relative brightness; they merely consumed more of
the SLP diet than the LP diet after each had been presented an equal
number of times.
It is not unusual that the monkey's volumetric, and conse
quently caloric, intake remained rather constant despite differences
in the nutritional value of the various diets.

Adolph (1947) noted

rats consumed a consistent amount of calories by injesting more food
when their diet was adultrated by increasing amounts of nonnutritive
roughage.

More recently Rozln (1968) reported that rats compensated

for diluted protein solutions in a diet with carbohydrates and fat by
increasing their Intake of the less palatable, diluted solution.

And

Kerr and Walsman (1970) observed that monkeys increase their volumetric
dietary intake (ml/kilogram body weight) two to three times their normal
amount when fed a diet diluted to contain only one-half or one-third,
respectively, the customary amount of calories.

However, when their

animals were fed an isocaloric diet containing only one-half or onefourth the normal protein content, the monkeys failed to demonstrate an
increase in volume intake per kilogram body weight.
The most outstanding feature of this research is the recurring
tendency of protein-deprived monkeys to prefer diets supplemented with
essential amino acids.

All SLP diets were consumed in moderately

greater amounts than LP diets.

During the final two days of the
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experimental weeks, diets supplemented with isoleucine were signifi
cantly preferred (p < .05) to diets lacking this supplement.

In light

of other nutritional studies (Halstead & Gallagher, 1962; Harper,
1967a & 1967b; Rogers & Harper, 1970; Sanahuja & Harper, 1962), that
disclose the effects of dietary amino acid supplements on food intake,
the results of this research cannot be considered inconsistent with
previous findings.

That the monkeys did not exhibit a more striking

preference for the supplemented diets is understandable.

Unlike

previous studies, these experimental diets were all of nearly equiva
lent nutritional value and differed only with the subtle addition of
one amino acid in an extremely low concentration.
Only hypotheses may be given why isoleucine was the most con
sumed SLP diet, tryptophane the second, methionine the third and
phenylalanine the least consumed SLP diet.

The possibility that the

amino acids had a slight accumulating unpleasant or negative effect
during the experimental week is suggested, as a perfect inverse rela
tionship is noted when ranking the mean consumption of each SLP diet
to the amount of amino acid added to each experimental diet.

In normal

animals injested phenylalanine not utilized for protein synthesis is
converted to the nonessential amino acid tyrosine, which in turn is
diverted into other metabolic products (White, Handler, & Smith, 1968).
Methionine in normal metabolism is likewise utilized for protein
synthesis or converted into a nonessential amino acid, cysteine.
Isoleucine's catabolic pathway concludes with the formation of two
molecules common to the Krebs cycle.

Tryptophane degradation follows
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either of two pathways.

One involves a series of byproducts of which

all but one appear in the urine.

The other pathway results in the

formation of the psychophysiological significant molecule 5-hydroxytryptamine (serotonin) (White, Handler, & Smith, 1968).
It does not seem plausible that either the sulfur or the aroma
tic nonessential amine acids had a significant effect upon the intake
of their corresponding essential amino acids because there is not an
appreciable deficiency of cysteine in SMA which might affect the
intake of methionine nor would phenylalanine appear affected by the
amount of tyrosine in SMA as this value is the same as that in egg
(see Table 1 for specific levels).
If the proportions of various essential amino acids in SMA are
compared with those of cow's milk, the lsoleucine, methionine, and
phenylalanine proportions in SMA are deficient and tryptophane's is
slightly excessive.

However the differences in these values are less

than those found when we compared SMA with egg, consequently, substi
tuting cow's milk as a standard for whole egg protein does not provide
an explanation of why one supplemented amino acid diet was consumed
in greater quantities than another.
Now the significant question is, how after both experimental
diets are consumed does the SLP diet acquire positive properties?

As

mentioned previously, sufficient evidence indicates that there is no
change in sensory threshold for needed dietary substances during periods
of deprivation.

Nor does generalized hunger, itself, seem to influence

taste thresholds (Pangborn, 1959).

In obese human subjects, normal
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thresholds have been recorded for each of the basic tastes (salt, sweet,
sour, and bitter) before, during, and after long fasts (Henkln, 1967).
Taste, however, does seem to play a necessary role In the discrimina
tive process, as adrenalectomized rats with severed gustatory nerves
(glossopharyngeal, chorda tympanl and lingual) can no longer select
their needed solution (Richter, 1942).

As well, it seems apparent that

rats can identify some amino acids by gustatory sensitivity, as neural
responses of different magnitude can be evoked from the chorda tympani
by passing solutions of different amino acids over the tongue (Halpern,
Bernard, & Kare, 1962).

The selection of diets with suitable levels of

amino acids and protein does not presently appear heavily dependent
upon olfactory sensitivity.

Following olfactory-bulbectomy, rats main

tain their ability to select balanced diets by depressing their intake
when fed a diet with a disproportionate amount of amino acids, a diet
devoid of one amino acid or a diet with an excess of one amino acid or
one high in protein (Leung, Lawson, & Rogers, 1972; Rogers & Leung,
1973).
A wealth of evidence has been reviewed (Harper, Benevenga &
Wohlhueter, 1970; Harper, Leung, Youshlda, & Rogers, 1964; Mellinkoff,
1957) which suggests that an animal's capacity to detect and select a
balanced amino acid diet may be monitored through the concentration of
its blood plasma amino acids.

Predictably, the blood plasma concen

tration of that amino acid which is most deficient in the diet falls
and the concentration of the amino acid which is added to the diet to
create an imbalance tends to rise (Longenecker & Hause, 1959; Morrison,
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Middleton, & McLaughlin, 1961).

In addition, temporal changes In the

blood amino acid pattern coincide well with the time at which a
depression In food intake begins after the ingestion of an imbalanced
amino acid diet (Harper, 1967a).
Neural mechanisms which mediate changes in the concentration
of plasma amino acids to suppress the intake of a disproportionate
amoung of amino acids have only been suggested.

Apparently the

anterior prepyriform cortex and the medial amygdala contain struc
tures sensitive to imbalanced or deficient amino acid diets but not
diets containing an excess of one amino acid or one high in protein.
Rogers and Leung (1973) noted that rats with bilateral lesions in the
above areas, did not decrease their food intake when fed an amino
acid imbalanced diet or one devoid of a single essential amino acid,
however they did decrease their intake when fed a high leucine or
high protein diet, as do normal animals.

Rats made hyperphagic due

to lesions in the ventromedial hypothalamus decrease their food intake,
as do intact controls, when fed amino acid imbalanced, or deficient
diets or diets containing an excess of one amino acid or protein
(Leung & Rogers, 1970; Rogers & Leung, 1973; Scharrer, Balle, & Mayer,
1970).

Consequently, nuclei well accepted (Teitelbaum, 1967) as the

"satiety center" do not appear to be involved in the regulation of food
intake of animals fed a disproportionate amount of amino acids or
protein.
To propose that an animal's intake of amino acids and protein
is regulated exclusively by neuro-hemologica1 mechanisms is to serious iy
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ignore the significant work of P. T. Young (1948, 1957, 1967) who has
documented three factors which affect food preferences:

1) the previous

experience of the organism which results in established feeding habits;
2) conditions within the nutritive environment (food palatability and
discriminability); and 3) conditions within the organism which may or
may not be related to metabolic needs.

For instance, after Young and

Chaplin (1945) established that nondeprived rats find sucrose more
palatable than protein (casein), they protein starved their animals and
noted that the rats continued to select sucrose in preference to casein
during repeated brief-exposure tests.

However, if the animals were

placed in an apparatus where the sucrose and casein were fixed in widely
separated locations, a preference was developed for casein.

Food

palatability and preferential habits obviously then, can easily obscure
true metabolic or bodily needs.
Currently, considerable attention is being given to the extent
to which innate recognition and learned feeding habits affect an
animal's acceptance or avoidance of dietary substances.

Rozin and

Kalat (1971) suggest, in a review of a series of articles, that taste
or oropharyngeal factors may prove to be a significant mechanism regu
lating an innate specific hunger, while more subtle postingestional
factors may be responsible for the development of established feeding
habits.
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Composition of the Control Diet

Gross composition

(weight/volume):

Fat, 3.6; carbohydrate, 7.2;

protein, 1.5; total solids 12.67..
Mineral and electrolyte composition (mg/quart):

calcium, 420;

phosphorus, 312; magnesium, 50; sodium, 142; potassium, 530;
chloride, 350; iron, 12; copper, .4; zinc, 3; iodine, 65 meg.
Vitamin composition (content/quart):

Vitamin A, 2500 USP units;

vitamin D, 400 USP units; vitamin E, 9 IU; thiamine,

.67 rag;

riboflavin, 1.0 mg; ascorbic acid, 55 mg; pyridoxine 0.4 mg;
pantothenic acid, 2.0 mg;

1.0 meg; niacin, 9.5 mg

equivalents; folic acid, 30 meg.
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A 4x4 Latin Square Design Forming a
completely randomized order of
administering the amino acids
(I * isoleucine; M * methionine;
P = phenylalanine; T ■ tryptophane),
with the rows representing the subjects
and the columns representing the
experimental weeks.
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TABLE 2
ANALYSIS OF VARIANCE - ISOLEUCINE

Source

SS

d.f.

MS

Iso. vs Low Protein (I)

30,504.5

1

30,504.5

Subjects (S)

60,460.0

8

7,447.5

(7673.4)

(2)

(3,836.7)

(52,786.6)

(6)

(8,797.8)

42,644.0

8

5,330.5

103,104.0

16

6,444.0

(Maternal diet)
(Ss w/in Mat. diet)
I x S
Pooled error (S + I x S)

♦Denotes significant at .05 confidence level.

F

40

TABLE 3
ANALYSIS OF VARIANCE - METHIONINE

Source

SS

d.f.

MS

M e t . vs Low Protein (M)

10,272.2

1

10,272.2

Subjects (S)

52,706.0

8

6,588.2

(2,457.6)

(2)

(1,228.8)

(50,248.4)

(6)

(8,374.7)

150,493.8

8

18,811.7

Pooled error (S + M x S) 203,188.8

16

12,700.0

(Maternal diet)
(Ss w/in Mat. diet)
M x S

F

<

1.0
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TABLE 4
ANALYSIS OF VARIANCE - TRYPTOPHAN

Source

SS

d.f.

MS

14,000.2

1

14,000.2

107,555.4

8

13,444.4

(Maternal diet)

(29,975.9)

(2)

(14,988.0)

(Ss w/in Mat. diet)

(76,068.8)

(6)

(12 ,678.1)

36,700.8

8

4,587.6

Pooled error (S + T x S) 144,256.2

16

9,016.0

Try. vs Low Protein (T)
Subjects (S)

T x S

F

<

1.0
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TABLE 5
ANALYSIS OF VARIANCE - PHENYLALANINE

Source

Phe. vs Low Protein (P)
Subjects (S)
(Maternal diet)
(Ss w/in Mat. diet)

SS

d.f.

MS

410.9

1

410.9

21,750.0

8

2,718.8

(6,594.7)

(2)

(3,297.4)

(15,021.4)

(6)

(2,503.6)

172,335.1

8

13,382.6

Pooled error (S + P x S) 194,085.1

16

12,130.3

P x S

F

<

1.0
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